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Decision Support System

e |nteractive computer-based tools used by decision makers
since 1960s to help answer guestions, solve problems and
support or refute conclusions

e Concepts: Spreadsheets, databases, networks,
hypermedia, expert systems, visual programming, intelligent
agents, neural networks, etc.

* Potential to improve decision quality, competitive edge,
time-saving and productivity when users have both sufficient
technical knowledge of the system and enough experience
of the job.

* Widely used for the solution of various engineering and
management problems
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Learning outcomes and objectives

« WASDA as a decision support system for
designing membrane processes

* Practice designing Reverse Osmosis (RO) and
Membrane Bioreactor (MBR) systems.

e To perform tasks as consultants, design
engineers and policy makers in relation to

membrane processes
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WASDA In brief

 Wastewater Treatment Plant Design Advisor.

« DSS was developed by IPASA-UTM, esp. for
wastewater treatment plant design and decision making

e Contains 2 main parts:
(a) Knowledge / information base
(b) Design calculation spreadsheet

* Provides conceptual & process design recommendations
for conventional wastewater, primary, secondary &
advanced treatments — proposed by best practical
manuals / public authorities (sewerage services /
environmental control).

« Mainly focused on municipal and industrial applications
to produce conceptual and process design for primary,
secondary and advanced treatments.
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WASDA development process

Doma_in analyses Software Develc_Jper/ USes Conventior_wal Computer
Expertise |¢ Knowledge Engineer »  Programming Language
observes (Microsoft Visual Basic 6)
build
refine Desi
: uses B esign
Design / Textbooks Human test Engineers
Best practice / Manual Experts
manuals
- Regulators
Department of WASDA |«— Users J
Environment
L Contractors
Department of Sewerage
Services
Suppliers
~ UTM Professors
Professors
(| Students
Consultants
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Flowchart of WASDA WASDA
v

Types of vlvastewater
[ |

Industrial wastewater Municipal wastewater
| |
. : < 20,000 R
Chemical / ph|y5|cal process? Population
Equivalent?
.¢ . . \ . > 20,000 v
Equallaatlon tank Neutralization tank Biological process
v v Conventional Activated
Coagulation tank Neutralization tank Sludge
[ [ !
Neutramzation tank Biofilm system Activated sludge system Natural process
I
! l Rotating — Conventional Constructed
. eS——— Biological Activated Sludge Wetland
embrane process iological process Contactor
— Extended Aeration Waste
| Stabilization
| | — Sequencing Pond
Reverse Membrane . . Batch Reactor
G s Bioreactor Biofilm Actlvsatse':tole rsnludge Natural process
system Y — Oxidation Ditch
— Conventional
Rotating Activated Sludge Constructed Wetland
Biological | — Extended Aeration Waste Stabilization
Contactor
L Sequencing Batch Reactor
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Design Ere tra e e x
~INPUT

P rOCed ures Contaminant | Sodium Chloride Mo, of fons| 2 Molecular Weight EETT

Feed Flow I 15 galimin Feed Concentration I 800 gl

Coefficient of 1.9

a B 2
Temperature I 25 o Water Permeation ¥10  gmal ferm .g.atm
Ezmtm"e Area for Each 250 #° Operating Pressure I 300 pei
Rejection of Contaminants I 99 o Recovery Rate Required I G o
~OUTPUT
—Stage 1
- -G 2
CaICU|at|On Osmotic Pressure I 9 psi Water Flux I 3762 1D gmal fem s
2
SCI’een fOI’ Membrane Area Required I 1506.01 ¢ E:{;T;::;E ot I b
RO Module: > I
-5 2
IonS & Salt Osmotic Pressure I 18 psi Water Flux I 3648 41p groaol fem s
. 75301 a2 Membrane Elements 3
Removal Membrane Area Required I ft Required
—Fermeate (Product)
Permeate Flow I 12 galimin  Permeate Concentration I 10.34 pgil

Feset | % Operating Costs |

Design Flow | Conversion Lnit |
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Design -
P ro C e d u r e S tlng Costs Estimation

Plant Capacity 21600 galiday Operating Pressure 300 psi RecweryRateI I
~Energy

Efficiency of Pump I 60 % Recovery of Feed Pump by Energy Recovery Equipment I 15

Cost of Electricity | 25 RMikwh

~Membrane Replacerment

2
Membrane Cost| 200 RMA® Membrane Production Rate| 705 gal /- day MemhraneLifEI 3 year

—Labour

Labour Cost per Hour I b Rh/hr - Hours per Shift I 8 htfshift Shifts per Dayl 2 nurnberiday

COSt . Workers per Shift I 2 number/shit Lahuurwerheadl 15 %
Estimation —>

—Spare Parts
Screen for Costfor Spare Parts | 1 RM /1000 gal
RO Modu Ie ~Pretreatment and Posttreatment

Cost for Chemical I 1 Rt/ 1000 gal Cost for Filters I 1 Rhd/1000 gal

lons & Salt -

~Other
Removal Other Costs [ 1 mwiom gal

~QUTPUT

Operating Costs | 2013 g #1000 gal

Qalculatel Feset | Results Summary |Wr|
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Design

B Results Summary x|

Result
eS u S Project Name |Skudai 1 plant

Person In charge IAhmad

Contaminant Removed ISndium Chlaride

Plant Capacity I 21600 galiday Feed Concentration I 800 mafL
ReSUIt Temperature I 25| °¢ Operating Pressure 300 pei
Su m mary Rejection of Contaminants I K Recovery Rate I 60 %
ggeen for # Membrane Area for Each Element I 250 ¢ Stage of Processes I E
MOdU Ie Total Osmotic Pressure I 27 psi Total Water Flux I 74.08 galfﬂz.daj,f
Ions & Salt Membrane Elements Required I J
Removal Permeate Elow I 17280 galiday Permeate Concentration I 10.54 mgiL

Operating Costs I 2019 RMAD0D gal

ﬁl X 1T
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Other info
| B| Membrane Operations
I n WAS DA < Term Membrane Operations

The term membrane operation is recommended rather than the term membrane
process. In general, a process is supposed to consist of twa or more operations. A
membrane operation can be defined as an operation where a feed stream is divided

x

L LI

Type of Memhrane Operations
A general classification of membrane operation can be obtained by considering the
following parameters:
1. Driving force

H 1IN

Pressure-Driven Memhrane Operations

These are membrane operations in which the driving force is a pressure difference

: across the membranes.
|nf0rmatI0n 1. Hewerse Osmosis (RO). Heverse osmaosis is a pressure-driven membrane

Screen for =% | | |
{Igl Table: Comparison Between 4 Pressure-Driven Membrane Operations
RO mOdUIe Permeation Operations

These are membrane operations where the driving force is activity mixtures. When
applied to solutions, it is the solvent which is transferred through the membrane.
1. Gas Permeation [(GF)

>

L

Il

Dialysis Operations
These are membrane operations applied to solutions in which it is the solute which
is transferred through the membrane. The driving forces is an activity or an electrical
potential difference in the absence of any trans-membrane pressure difference.

i AN
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D e S I g n il Design of Membrane Bioreactor - Industrial Wastewater Treatment (Part 1)

Fle Run Tools

Results v

Average Flow ’m mid Daily Maximum Flow m mfd | Effective membrane area 08 - mzlpc
Design Parameter Working factor of suction pump 08 -
Influent BOD m mgl  Effluent BOD m mg/l | Type of membrane unit ES|125 ~

155 m mg/ TS558 m Mg | Required number of cartridge 125 | pieces

T-N 300 ]' mg! TN 10 ]' M3 LSS in aeration tank 10000 ~| mgn
200 - 10 v -
TP mgl TP 179" | 500 vatume loading 2 s

0il & Grease |600 ~|{mg/ 0il & Grease |10 7| mgh
Ratio between oxygen utilization & BOD removal 03

Return Sludge Ratio 3 i Theoretical T-N removal | 30 1% Endogenous respiration rate 0
I n p ut Scree n for # Critical flux 04 =g Average Design Flux |02 ~|m/d | Ratio of MLVSS to MLSS 0

Oxygen Absorption Efficiency
M B R m Od u Ie - Aeration Tank Membrane Tank

07 -
75 -
P art 1 Water Depth 266 <l g Water Depth 265 +im
% absorption for water in zero DO B % % absorption for water in zero DO 45 %
063 =~

-

Ratio between % absorption for sludge & water 07 - Ratio between % absorption for sludge & water

Click to see next data Save | Next

£
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L]
D e S I g n Wil Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 2)

File
Results — -
For scouring membrane surface Pipe Size [
Air flowrate/cartridge |10 ~|/min.pc Oy conc. of air (20°C) | 02683 = | kg/m® Pipe to Membrane Tank 50~ mm
Air diffuser for aeration tank (nitrification) Pipe to Aeration Tank 40 | mm
Specific air flowrate |5 *| Effective length of |05 ¥|mipc
diffuser Pipe to Balancing Tank 40 | mm
Tank Dimension Permeate Pump
Aeration Tank Size of discharge pipe 25 = mm
Number of tank 1 = Length 4.00 m

Width 1.80

Membrane Tank

m Height 2.65 L Size of suction pipe 50 xfm

i

Number of tank Length 28 m

Input Screen for == | 0 In  Heigh 7% <lm
MBR mOdUIe - B;::;:i:;ﬁ Length 500 ~|m u_‘Clicktoseene:ddata

el

3.

Part 2 Width 40 fm Height 250 |m Save ‘ Previuus‘
1 mm Bar Screen Final effluent
g 2l
Infuent ———3{  Balancig Agration Membiane ]
Tank Tark Tark Membrane Unit
Fietum Activated Sludge
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n
D e S I g I I il Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 3)

Fle Run Tools

R It OUTPUT (a) -]
e S u S Design Parameter

% BOD removed ne % % TP removed % % || Design MLSS in Membrane Tank 138 )
W7 i %3

R % %Oil& Grease removed % Design BOD-SS Loading or F/M ratio -

% T-N removed %7 %

Pollutant Loading Oxygen Requirement for Respiration and Nitrification

tity of BOD d 52
oD | kg/d e kgd TN kylg || Quamity of BOD remove kg/d

Oxygen used to provide energy for growth 2 kold
Oxygen used for endogenous respiration 138 kg/d

Calculated Number of |125 pieces Calculated Number |1 unit ¢
Membrane of Unit Oxygen total 48 ka/d

Air flow rate required for scouring membrane surface Air flow rate required for aeration tank

O utp ut SC ree n # Tkl et e s ’r mdmin| | Oxygen for nitrification .91 kg/d

3
’— Air diffuser for nitrification tank
fO r M B R m O d u I e Oxygen Transier Rate s kgid Oxygen transfer rate .81 kg/dipc

— Part 1 DesignTank Volume Required number of air diffuser > |19 pcs

Aeration Tank z Required air flowrate > (073 mmin
Theoretical tank volume |'7! m’ Design volume |19.08 m

HRT 23 h

Membrane Tank

Design volume 83 m° HRT 1068 h
i

Balancing Tank

T

a0

Design volume m HRT

h
Click to see next data

Save ‘ Previnus‘ Next

-
1| | 3
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Design
Results

Output Screen ==p
for MBR module
— Part 2

File Run Tools

OUTPUT (b)

Air Flow Rate for Mixing of Balancing Tank

Pipe Size

Membrane Tank

Velocity of an air feed pipe to the membrane tank

Air flowrate

Balancing Tank

Velocity of an air feed pipe to the balancing tank
Air flowrate

Aeration Tank
Velocity of an air feed pipe to the aeration tank

Air flowrate

I B

Influent % Balancing Tank
yo| 80 @

il Design of Membrane Bioreactor (MBR) - Industrial Wastewater Treatment (Part 4)

Capacity of Equipments —]

375 3
mh Wastewater  [gp5g 3 P -
. : ermeate pump |0.015 m-fmin

052 31min Feed Pump mfmin
Membrane 1285 mmin  Aeration Blower |1.37 i fmin
blower
Permeate pump

106 m/s

Velocity in discharge pipe 05 m/s

0.ma

Flowrate in discharge pipe m? min

3
Flowrate in permeate suction pipe 0ois m /min

1
82 m/s L N
Velocity in permeate suction pipe nm m/s
g2
k]

3 . :
0% mth Click to see next data Calculate | Save ‘ Print ‘Pre\rious‘

/ 1 mn Biar Screen Final effluent
| £

Aeration Tank Membrane Tank

]
yo| 1m0e 2|y ey 2 Membrane Uni

Return Activated Sludge
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Validation of Output: what-If Analysis

Membrane Area for Each 250 2 Operating Pressure I 300 psi\

LR

E| BO Unit Design Calculation - lons & Salt x|
~INPUT
Contaminant | =0dium Chloride N, uflunsl 2 Molecular Weight I 5545 gigmol
Broerd] Bl 1 galimin Feed Concentration 800 pgil
i -6 2
Temperature 25 o Gl oy I 19 0™ gmol seni- s.atm
Water Permeation

Element
Rejection of Contaminants 99 Yo Recovery Rate Required I &0 o
~QUTPUT
—Stage 1
-5 2
Osmotic Pressure I 9 psi Water Flux I 762 10 wgmol fom” s
2
Membrane Area Required I 1506.01 ft I'I.I'Ieml_lrane etz I b
Required N
—otage 2
-5 2
Osmotic Pressure I 18 psi Water Flux I 3648 410 grral a"!?ﬂ\.e.\
I 2
Membrane Area Required 75301 ¢ I'I.I'Ieml_:lrane ElBmEntE 3
Required
—Fermeate (Product)
Permeate Flow I 12 galimin  Permeate Concentration I 10.94 prgi

Design Flow | Corvergion Lnit |

I

Change Operating Pressure to
evaluate change in Water Flux

Reactor
Volume

INT V Ll \I1 11 T e INI NS L\ VIS N JIrY
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Manual Calculation WASDA
Mean 0.337785 0.337788
Standard Error 0.024246 0.024246
Median 0.341284 0.341287
Standard Deviation 0.059390 0.059390
Sample Variance 0.003527 0.003527
Kurtosis -1.126304 -1.126312
Skewness -0.213180 -0.213190
Range 0.158761 0.158762
Minimum 0.254017 0.254019
Maximum 0.412778 0.412781
Sum 2.026710 2.026726
Count 6.000000 6.000000
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Group design assignment

Problem statement:

Water resources for Seremban, Nilai and Port Dickson to are to be
upgraded in terms of resource avallablllty and water quality. The
existing dams (3) are no longer sufficient to provide enough volume
for 2010. There are 2 options to meet this requirements, and for
upgrading for 2015:

- A new dam which cost RM1.2 billion located in a reserved forest in
Jelebu district, or

- An advanced water treatment plant, located downstream of Sungai
Linggi.

Task:

As a consulting group, you are assigned to evaluate the feasibility of
using membrane systems. Your opinion will be evaluated in a group
presentation session, based both on technical and financial aspects.

UNIVERSITI TEKNOLOGI MALAYSIA 19
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